Large numbers of bacteriophages (2 x 107 to 1 x 108/ml) were present in ruminal fluid from sheep and cattle. Twenty-six distinct types were identified and placed in three morphological groups; several phages possessed unusual structural features. The large numbers and diversity of phages observed indicates a possible role in bacterial lysis and hence in the population dynamics of the ruminal bacteria.
Although there are several reports of bacteriophages in crude ruminal fluid, only two groups (14, 15) have studied the range of morphological diversity of the bacteriophages found in the rumen. In cattle, six morphologically distinct types were found in ruminal fluid samples collected over a 12-month period (14) . By comparison, in a brief report (15) on cattle and sheep, more than 40 distinct phage types from three major morphological groupings were described. These groupings corresponded to Bradley's (3) groups A, B, and C.
The discrepancy between the findings of these two studies and the paucity of detailed descriptions of ruminal bacteriophages suggested that further study would be useful in this area. If a wide variety of phage types is present in the rumen, it is possible that phages may be significant in interactions within the complex ruminal ecosystem. In the present study, large numbers of diverse bacteriophages were found to exist in ruminal contents, indicating a possible role in the population dynamics of the ruminal bacteria.
Ruminal fluid samples were obtained from two cattle (Bos taurus) and seven sheep (Ovis aries), each of which was fitted with a ruminal cannula, housed indoors in a pen, and fed once daily. The cattle received chaffed rice straw, and the sheep received oaten chaff. The diets of the cattle and of three of the sheep were supplemented with a commercial mineral and vitamin mix.
Ruminal fluid samples (approximately 20 ml each) were obtained from each animal by aspiration of ruminal contents through a nylon stocking. Ruminal fluid samples were also obtained via a stomach tube from 10 sheep grazing improved native pasture. Samples were stored at 4°C for up to 24 h. Phages in these samples were concentrated and partially purified by a simplified differential centrifugation procedure (2) . Ruminal contents were centrifuged twice at 12,000 x g for 15 min at 4°C to remove bacteria and large debris. The supernatants were filtered through a 0.45-pzm-pore-size filter (Sterifil aseptic filtering system; Millipore Corp.), and phages were then pelleted by centrifugation at 32,000 x g for 2 h at 4°C. The supernatants were discarded, and the pellets were each suspended in 100 p,1 of Hungate-type salt solution (6) .
Formvar-and carbon-coated electron microscope grids were wetted with 5 ,ul of the phage sample by the drop technique (9) . The samples were negatively stained with 1% * Corresponding author. potassium phosphotungstic acid (pH 6.5), and grids were examined for phage particles by using a Phillips 300 transmission electron microscope at a magnification of x35,000.
The phages were classified on the basis of gross morphology by the scheme of Bradley (3) . By this scheme tailed bacteriophages are placed into one of three groups: Group A, long contractile tails; Group B, long noncontractile tails; Group C, short noncontractile tails. The Twenty-six morphologically distinct bacteriophages were found which, with one exception, were classified on the basis of the scheme of Bradley (3). The distribution found was as follows: Group A, 14 types; Group B, 7 types; and Group C, 4 types. Phages representative of each group are presented in Fig. 1 .
In addition to the general characteristics described in Table 1 , the fine detail of certain structures was determinable for some phages. Of the Group A-type phages, details of head symmetry, the collar region, and/or the base plate were discernible in six phages. Phage 5 (Fig. le) was very unusual; it had a head ( Fig. 2) composed of large subunits (16 nm in diameter) and a T-shaped base plate (Fig. le) . Phages 16 (Fig. lf) and 20 also had visible tail structures. The tail of phage 16 was finely tapered, and phage 20 possessed a plate (30 nm long) set at 900 to the tail. Phages 19 (Fig. lg) and 20 had collars; the collar of the former composed a cone-shaped structure of the head from which the tail appeared to originate. The collar of phage 20 consisted of a single disc.
Of the four Group C phages, three possessed noteworthy structures. The collar region of phage 22 (Fig. lh) was obscured by a semicircular disc (50 nm long). The collar region of phage 25 (Fig. li) was obscured by filamentous material. On phage 24 (Fig. lj) , a filamentous fanlike structure originated from the collar region and obscured the tail. In addition to the forms described above, phages 1, 6, 8, 9, 10, 11, 12, and 21 appeared to possess structures, such as collars and base plates, that could not be clearly discerned.
The large numbers of phage particles found on the electron microscope grids, although they could not be accurately quantified, indicated that the number of phages (2 x 107 to 1 x 108/ml) in ruminal contents is large. Schwan and Hartman (19) found that filters (Millipore GS) similar to those used in the present study (Millipore HA) bound phage and thus reduced counts. If this occurred in our study, then the estimated numbers of phages may be low. Other workers have estimated numbers of phages in the rumen to be 5 x 107 (14) and in excess of 109 (15) per ml of ruminal fluid.
The morphological forms of bacteriophage found in the present study were of a diversity similar to that previously reported (15) . Although these workers found a wider variety of types than were found in the present study, their discrimination between phages was in part based on differences in the fine structure of the base plate. This structure was not clearly discernible in many of the phages examined in the present study, so it is possible that the range of diversity was greater than that reported by us. In cattle, many more morphologically distinct types were found than were previously described (14) , and none of the phages described previously were morphologically similar to those found in the present study. The Group A-type phages appeared to be the most numerous and had the greatest morphological diversity. Much of this diversity was due to small differences in gross size and to the relative dimensions of major structural components. The Group B-type phages, almost as numerous as the Group A-type phages, had fewer morphological types but greater differences between types. Within this group, phage 15 (Fig.  le) , although a typical Group B-type phage, had a very large head composed of large subunits (Fig. 2) . These subunits appeared too large to be capsomeres and may represent an additional level of complexity in the structure of the head. Ritchie et al. (15) presented an electron micrograph of a similar type of phage, also from ruminal fluid. However, no reference to phage of this type is contained in general reviews on bacteriophage morphology and structure (3, 7) .
Phage 18 (Fig. lk) was the longest phage so far recorded from the rumen; it had a total length of 1,135 nm (1,050 nm was tail length). The Group C-type phages were less numerous than types A and B and tended to have smaller heads, but they did possess considerable diversity of form. Two of Phage 25 (Fig. 1i) 
